Abstract -Stereoselective synthesis of catechin and epicatechin dimers under intermolecular condensation of equimolar amount of catechin derivatives catalyzed by Yb(OTf) 
INTRODUCTION
. The coupled products were successfully converted to procyanidin B1, B2, B3, and B4, respectively. Procyanidin B1, B2, B3, and B4 could be used as standard compounds for identifying the polyphenols in natural source.
Proanthocyanidins are known as condensed or noncondensed hydrolysable tannins. 1 These condensed tannins can be found in the vegetables kingdom.
amounts of tetra-benzylated monomer 5a (nucleophile) and a C-4 activated monomer 6a (electrophile) using 1.0 eq. of rare earth metal Lewis acid such as Yb(OTf) 3 
RESULTS AND DISCUSSION
We chose tetrabenzylated catechin 5a, a nucleophilic unit, prepared by the Kawamoto's procedure 9 electrophile unit 6a prepared by the Saito's method. and 10 Equimolar condensation of 5a and 6a at rt was examined using various Lewis acids including rare earth metal in CH 2 (Table 1) . Cu(OTf) 3 Gd(OTf) 3 Lu ( Table 1 . Lewis acids mediated coupling reaction between 5a and 6a
The first attempt at the coupling reaction was conducted with equimolar amounts of the protected catechin 5a and the acetylated substrate 6a to obtain α-7, which is the precursor of procyanidin B3 (3).
Typical Lewis acids, such as TiCl 4 and BF 3 •Et 2 O gave sluggish results. These reactions required a large excess of the nucleophile at low temperature in order to limit the reaction of the activated monomer with itself or with the dimeric product leading in both cases to oligomeric side products. 9, 10 The next attempt at the coupling reaction was conducted with late transition metals as Lewis acids. Among Ag, Cu, and In, especially AgBF 4 gave a good selectivity with moderate chemical yield. 11 We further paid attention to rare metal Lewis acids such as Sc and La. While Sc gave poor stereoselectivity, La afforded high selectivity although the chemical yield was 34%. This result encouraged us to replace La to Yb. The reaction furnished good selectivity with 64% yield. When reaction time was longer than 0.5 h, further condensed products were observed. The catalytic amount of Yb(OTf) 3 (10 mol%) also afforded coupled product in 42% yield at 91:9 ratio of the desired product. This result indicates that this reaction could be carried out using catalytic amount of Yb(OTf) 3 . Interestingly, Gd(OTf) 3 and Lu(OTf) 3 did not give any condensed product. The reported condensation reaction between catechin nucleophile 5a and catechin electrophile 6a required large amount excess of catechin nucleophile 5a to obtain desired dimer in high yield. 10, 12 Using large excess amount of nucleophile is a big problem because composition of desired coupled product is only a small part in the reaction system and it is necessary to get rid of large amount of starting material. Optimized equimolar condensation is extremely important for an efficient synthesis of catechin dimers. Next, we examined the condensation of the combination of catechin nucleophile 5a and epicatechin nucleophile 5b with catechin electrophile 6a and/or epicatechin electrophile 6b using Yb(OTf) 3 as a Lewis acid. In each case, the reaction worked well. As to the stereoselectivty, however, the epicatechin nucleophile 5b gave a little bit poor results compared to catechin nucleophile 5a. In case of tri-benzylated phloroglucinol, the stereoselectivity of 11 showed 75:25 ratio. Finally, condensed compounds α-7, β-8, β-9, and α-10 were subjected to the hydrolysis of the acetate with K 2 CO 3 in MeOH followed by debenzylidation by Pd(OH) 2 To characterize procyanidins in daily diet and evaluate their biological activities, it is necessary to obtain pure procyanidins. Synthetic procyanidins can be used as procyanidin standards. Recently, Hamauzu and co-workers reported the antiulceractive activity by apple phenolics in case of HCl/ethanol-induced ulcers. 15 Thus, the synthesized authentic samples 1-4 were used to clarify the structure of procyanidins from juice of apple. As shown in Figure 2 
Conclusion
In conclusion, we have synthesized procyanidin B1-B4 (1-4) based on a Yb(OTf) 3 catalyzed equimolar condensation. The synthesis of various procyanidin oligomers according to the above-mentioned method and the structural identification of polyphenols from natural source are in progress. 1 H NMR analysis of diacetate derivative showed more than 98:2 ratio of α-7
and β-7. 4b, 9 The selectivity was determined by 1 In the same manner as prepared α-7, compounds 5a (72 mg, 0.11 mmol) and 6b (80 mg, 0.11 mmol) gave 
[4, 8']-2, 3-trans-3, 4-trans : 2', 3'-cis-Octa-O-benzyl-3-O-acetyl-(+)-catechin-(−)-epicatechin (α-10).
In the same manner as prepared α-7, compounds 5b (42 mg, 0.064 mmol) and 6a (46 mg, 0.064 mmol) gave α-10 and β-10 (56 mg, 59%, α-10:β-10 = 98:2 
